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tfS*«21 ItrieAl. In,Gai-..,N-(k-^iti« 

T. B5IS^Sfi^#F«. l®M«t LTAl, I n,Ga 
i-,-,N-(t-^!Rj^«siiSrffll\ #F«i: LT I n,Ga 
, Nlb-^!i!!|i|i3lft:/iX«ISISJi J: O^nV H^a- -/r<0 
/Jn$V%A 1, I n,Ga,-.-,N^t;-^?a^«cil5-ffl>'^7t 

FSr«B£-r-i.#F^^v^{il^MScov^-rix*>-*«J|sjJ: 
#F@sav^«il«Ma£OV^m*^:S-tc?l3S^;^^2r^(t^c 

[00 0 1] 

[0002] 

[flf*<^i$?S] m.-{\L^yi^^Ms:fj'V^J^ ( I n,Ga,., 
N ) it-^mmWmt. ^(0 I n«J« ( X ) i^it^it 

[00 03] 0615, ±ie I n^Gai-.N-ft^ifSil^^ttc 

m?:^^mtLxm^^tz^ytr-f ^-v (led) f--y 
ycommmmmmx'hh. zcoled^'/th. -^yr 

>f ra«3 l±fc:ffiyi2jwmieS<0nSS-fbif'J'>i^ 

(GaN) )132i:, %5Kili:LTOKil2. 5nmS 
ScOI no.35Gao.65N®3 3t. pScOl? 1 S'fL?^^^ 

■fb-^^^fc Lx<^mmo . i /;«mgs40paA i 

o.2Gao.8NJi3 4J:, p ScO^ 2 g^M5!lJ^<b-^!|^^ 
ttci: LTcOJl/f 0. 4//ingJS<0pSG aNJfS 5 i:*^ 

Ji 3 2 {C « ft i> ^ -y ^ > ^' $ ix:rcS®±tc; n mfis 3 
6*%M$ix. pSGaN«3 5±lZpmfii3 7*>'J^fi£ 

[00 04 1 ±ieL3tLED(i. ?63feJSi:tTI no.35 
Gao.65NJIi^fflv>SC:tlcj:Os Wfe?%3t*^i#'^n 
•5. ±ie«7)LED$rflifi!i-r*M^l:i|^^'fb-^!t?9^f^®«o 



#®c7)^ftfig;gtC«. (MOCVD 

m) tiifj^<m^-^hixx\^h, 
[000 5] t.fc. ]^EDm<r>%%'fJU :K\,zii\fh% 

[0 0 06] tZ^X\ UOCVDm^Zi.'O&^^^Z 
I n,Ga,.,NJl03K^!^<4. 0»l;t»f, Journ 
al of Electronic Material 
s, vol. 21, No. 2. 1 99201 5 7H5rV^ 
L 1 6 3KfDt&:^ rw i d e — G ap Semi con 
ductor InGaN and InGaAlNG 
rown by MO VP E j lC|B®$tlT t^S J: "5 
tc. B£:giaS*^'5 0 0~8 0 0'C<D®HT'SlS{Ji: J: 

L*>L. ±iei&:s:tc«, fi!c«?aS5oox;T-t±. i 

n,Gai-,NOI nffi^ (x) (5, «> h U ^ -f- 

(TM I : In (CHg) 3) tVO^i-Ji^ 
>5rU ( TMG : G a ( C H3 ) 3 ) <r>mi^itlZitm 

L. xi)<o^itX'm.mmiz^it^-t^zbt^mx'ib 

•f. TM I i;TMGO«*&JttCJ: 0 I nffl« ( x ) 

[ 0 0 0 7 ] -e^T'- Appl. Phys. Lett. 
68(22), 27 May 1 9 9 6<7)3 1 4 7^=5: 
V^t3 1 4 9M<^ffe:S: ^Gr owt h and cha 
racterization of bulk InG 
aN films andquantum well 
sj meSJ^fLTV^I, idle, TUl tTUQ<rmk]t 

^^x.'T^zm.msj^ti^i^^^hzti.zt^. infflfig 
( X ) (r)mmt>miorL.x\-^h , 
[0008] M-fbXf 'J ^M.mt-^w^mw^^ 
T<^>mt'Si:ni:\^±.^-thlZif>\,z. ^tlfMt LTxffico 
^^SIn,Gai.,N (fiL, x{±0 <x< 1 ) ^5:3:5 

0'^J=>^it^^^w?mm=Fili'mm^tlx\.^h (nm 

^6-2 6 82 5 7^4>ffi) . 
[0009] 

i^mm^LXoti-^mmi L*»L^r*<^>. moc 
vDrnx-ii. imco&m^itcrtmwizx'o. 
mmz^-ifthi^t^hh, ^^i§M<7)mmi nm^ 

(x) c;DS'fbSrt>Jt^>L. ^hizii. Ztii:^^b-t 
?>m:r^<-(:^<^)^^^i:^^t^-thZbiz^j:?>, z 
<r>fzi^^ XffM.&mmz^m\^mz-t 
Zt^z^j:i>. 

[0010] ^tz. m.^^<r>^i:^m.Ki^it^^hZ 

b\.mm.x'$ihtzi^). I nmit:mmt.z^vc^^h\z\i 
m^ifihh. z(r>fzii^. Lx^ms.'F^wmm 

^^mi^m&^^w^mtmb-rhmiT^u x<m 

m^iti: t rz ty-rz biz^i>. 
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(00 11] :i<n^mt±j&Lti^<7ifsm:^'i:M^-t 

^tiMZ*j:^tltii><r>\,zLX . I n,Ga,.,N?rfflV^S 
[00 12] 

[0 0 13] lirieA 1. I nyGa,.,-yN-(k-g-%4i«* 

[0014] I n i: NcO^-^x:f ;^d{^_ji/J^$ < jao I 
nc^SS5l£EiiiSV^. ef-:)T, I nGaNS-H?aT'^R«-r 

[0015] — A 1 1 nt<7ym^x.^)V^-^i:k^ 

X-^itiblZ^ A 1 I nGaNc0fig*tC*3OT(i, A 1 (7):^ 

mzX'yxiicr)mMi}^\-^ti. ztiizw-yx I njm. 

[00 16] :i<r>mm. I nGaNifJCOI nm«0*lJ1«l 
mzittX. A 1 I nGaNtfJiTjl nffl^cOMPttli^ 

fi!-5T, ^i§,xmmii(^0:1i}'k^^fS.m^mb 
^S. A 1, I nyGai.,.^N-fL-&!t&^^#: 

[0017] tfc. zco%m<r>m^t^'v ^M-mt-^^ 

mm^:(fv^j:^mit^'m^m^mb(7)mz. #«fi^# 
F2r^(t/sM'fL;<^ 'J ^j^mt-^imMiiii^mx'h X . 

mfie^M^^Fti. mmmbtXA 1 , I n,Ga 
,.,-yN'(b-&??!|iji3l«sJi&ffl«-K #FiitLT I n,Ga 

/Jn^V^AI, I nyGa,.,.yN'ft-&fti|^f*:®2:fflV^7t 
[ 0 0 1 8 ] ^/i . ^a4^#F<}: •)S«IB1{:, ^m* 

[0019] 3C03^BB«4, ta!*«0 1 nffl^OP^I)^ 
■flg*»^>35r*#aa^^#Fffijt (MQW) tS^O, I n 

x'^h<^x\ MQwimm^<mi^x't^, 
[0020] Mtx. MQw<r>^-pmmMimmmi>z^\ 



^;^^mx^?>mmi:^izni>^iti!'X'^^<^x\ f6 

[002 1] 

^mmt:0mLxmm-th. 
( 0 0 2 2 3 0 1 ^KofgBHos-fbef u ^J^mit^ 
¥mi^mm<7)mi(^mm(ommi:^t. a i , i n,Ga 

5r- K ( L E D ) f - -y rcO«S8IfffiMffillt'ife I. . 
[0 0 2 31 ClOLEDf-yra, 1^7T^T»Rl± 
{cS-fb^^-fL-^^^Wst LXCommS nmmm<7)A 1 
N>'-<-y7T®2*iJg{£$ixT>-^i.. ^OA 1 N^n' -y^r 

m2±izmmo. 4ummm.<7)nmmit}tfo^j^ (ca. 

N) msb. ^tmbLX<^^0. lumm&criAl 

0. 02 I no.4Gao.58Ng4 P 1 S-f t^t^^-ft 
■&!t?!l4^f>i!:i:L-C£^KJ¥0. 1 Aem^<?5pSA I0.2 

Gao.8NJi5i:. pmcom2m'(m^it-^^u^b 
LX(Dmwo. 4 M mm^iopmG aNme bti^zcom 

1, zmmmm^tixK^h, -euT, itfienSGaNestc 

*5{tS;<-9-x .y -J-y^^SitJt^Bifc n«fii 7 t^BA^ 
tl. pMGaNJ16±{:rpSSiS*%M^iXTV>S. 
[00243 lirat7tJ;dt-, I ni:N<7)^-^X:^;U^ 
-{i/h;^<fi-OI n«Ogg§vJE»ilSV>. fie^T. I nGa 

[00253 — A I b nb<^1^^:i^A-)V^-<,i±% 
^^fzMZ. Al I nGaN)lt7)^:g:tC*3V-»T{i, A 1 CO 
^q£tCj:oTNiOlttlll*WJ$ti.. ^ix6C#-5T I nK 
ait>«I»J$ftS. ClO^. I nGaN4><OI nffl«<^ 
©JfflH4(-ittT. A 1 I nGaNJ^tt^iOI nffl^c0$ljffll 

[00263 tti. A 1 $r I n G a ^m^Plz V-y^h 

zbx\ i^^^m^m<^i>m;tt^hi>t)K i n^Gaio 
mmzitKXA i<7)\i-ym.iimif>x'j'-^\'^cox\ 
it^(7)mmimbA,b'^j:^^, 

[00273 ±1211 1 l>'yr:-t L E D f- y ro^-fti-^?^^- 

EI2J4, iM^t-^i^mimcn^mzm^h 

ixhimMocyDmm.<r>—m'k^-tW:imx'hi>, 
[00 283 ::o«iSMocvD5ia{4, 2m^mmi,z 

^roTtsO. 2®8iE;<f>^*«^i5-SJB^2 0rt<Ot^-5) 
lc:-9-7 r r»K 1 t-mr- L=5rv ^-if -tr^ J; 0 «f4 S: 

r^yy'i,zx^m^(r>%^i.zm^^tih, tfz. 

[ 0 0 2 9 3 LT , J^fi!tS2 0 rt(c{4. WMiiT^^^ 
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ic, ^<^IMm:V:^^iky^y 2 1 J: 0±«tc;i2B$ii/^ 
XTkm (Hj) ^'XTiiy^. mmi N^) ^-^yiO^^z 

e>mi^^iii>7km ( Hj ) /fxRi/yxamm ( ) 
10 0 3 0] mmA':^tLxcohOj(i-ji-TJi'^=.'yM. 

(TMA). fU;>«^;U:?!r'J'^^A (TMG) . Ml;^^ 
/i-^ y^/'-^A (TM I ) (0*tg^Ja^l:-^!|^y-;^ti. m 

r>'^:-r (NH3) . S i 5r-^tf nMH->'^•>'^;<fX 
(Mi-tf, SiH,) . Mg$:-^tfpSH-^N->'hXfX 

i^;<f>«.«*&7>f y 2 1 (c-^-i. ii>ixS . 
[003 1 ] ±iecOJ:3{C«fiE$^;tfilSMOCVD^| 

MSrfflV^T. iaiiC^-rLEDf--y7-Sr«jtt- •g.^rffit- 
[0 0 3 2] ^-r. S^l±tClSiSA 1 H)^y'7rm2 

2 0|*I(C«^L. ^iaS?:5 0 0X:t:»*>*|gi±(c 
JUI5 nmcO«ffiA 1 N>'n'-/ 37 Ta2 Sr^B^-T-l. . 
10 0 3 3) m\'^X. WM:^'XiTMG. NH3, K- 
/NVh;!7'X2rS i H4(c1330S;tJ^t£S2 0[*I(c-en-f 
timt^ 10 0 OX:tc«-t> A l N/^ v y r 

B2±{=lljl0. 4Atm<0nMM'fb;yU':'A (GaN) 

[0 0 341 -eLT. iIiPf;<r;^S:, TMA, TM K T 
MG t NH3lC-ro'?#X?^B!t^2 0 |*|tC-?-ix-ffxttiii# 
L, SSiSJSiS: 8 0 O-CtCft*). nSS-fLXf U '^A ( G 
aN) )K3±(:^3t«i: LT<?5JK/?0. l>um<?)Al 
0.02 1 no.4Gao.58NS4 5rJgfiS;f 

[0 0 3 5] actc, JSf4X7;^Sr. TMA. TMGtNH 
3. H->N-y h;<?;^5rCP2Mg(c«0Si.TJgfi£M2 0 

F*itc-!-nm«t& wmm.^ i o o or(c«*>. a 

1 0.02 I no.4Gao.58NJi4±tCpMi0^1g-ft!fe.^ 
■ft-^!B5^^#:i:LT<^KJS0. 1 //mOpSA 1 0. 2G 

[0 0 36] ^LT, Jim';^^, TMGi:NH3, K 
wty h;{fxSrC PjM g(cfl]0#;iTJ^l8cM2 0(*l(w 
'^■^^'?■'i^ttl&L, S^jSJg^r 1 0 0 0-Clc«*>, p^A 

1 0. 2 G ao. 8 Nil 5±tC pS<7)^2gfl:%^'ft-&!t4j¥S 
i^t L-C<01^0 . 4xim«0pMGaNJ16$:jeB!t-r 

[0037] ±ie<^J: a (cm-rsc: t ^bfcii^OA 

1 0.02 I no.,Ga(|.58NJl4 5-S^?ajg8 0 0'C<?DlS 



[ 0 0 3 8 ] 03{i. ::<o^BJ«oM'fb;<f U ^J^mt-^ 

¥^iimmcr)m2</)mm<mm^7^L. in,Ga,-,N 

-ft^!|%^»:^^#FiS, A 1. I n,Ga,...,N^l:-^ 

wmiiimi:^mmt Ltz^mm^^^ (mqw) $r5i 

3t«fc L-CfflV^>t^^'<:t-H (LED) ^■yy<7)m 

eimssmmx-hh, 

[0039] i<OLEDf-yrJi. ■^yr^Tmi(Rl± 
iZ^^mU^it^^^a^t LX<omm5 nmgJK(?)A 1 
ti^<yyrm2im&^tlX\<'^h. Z<^Al NAy^T 
®2±{CM/10. 4xemSJK«0nSS-fti;yU'>A (Ga 
N) JK3i:, iKlS3nmSJScOA lo. 06 I nj. uGa 
o.8iN<50|gtg^4ai;ffiJ^2. 5 nmgJgO I no. 15G 

ao. 8 5No#FJi4 b $r555:t*s;iL/::^as^#F 

(MQW) *>^>^^^^4' pS0^1g-fb!|^!)» 
•ft-^!}%4^«:i: LX<7)fm-0 . 1 mSS^T) p ^ A 1 
0. 2 G ao. 8 NJi 5 i: . pM^om 2 M-fklRilM-fb-^^i* 

mizmm^tx.m^^rLX\^h. ^lx. lirtenMGaN 

«3tc:fc»t-&;<^fx.yf->'^$ ii.fzmm±iz n Sfii 7 3&< 
JBfSiSiX. pMGaNJ16±fc:pm«i8*«}gfiS;$nTV^ 

[0040] ±faH3tC^LED^-yro«^-^!Hj* 
^«sM(iia 1 L E D f - -y r i: |5]«lC|li 2 fil 

O C V D^g^rffl V ^T^?-7 r TS« 1 iCJgfig:? 
ixS . 0 1 (c;T^t- L E D f - -y r t {i s 565163 <7)ffijt*^ffl 

[0041] ±iBL7tMQWlt5t<7)ll3feJi4 ' S«i 

iSJKSrSO 0'C{C;«*>, iE*if;y;^TM I , TMGtNH 
3<0fi$r-^tcL-CJg^2 Ort(c-tix-5-*il«t*&-r-&. 
-f-LT. TMA:/f:^<r>m^2 0n^eo^t^i::^>. ^ 
^fUSJ-ri.. ^cOiotC. TMA;*'X£5D}g^M2 0F*I^ 

<r>^m^ir>. :^yum-thztx\ mM3nmm&<^ 

A I0.05 1 "0. i4Gao.8iNmMii4ai:Mff2. 5 
nmffmSLl no.i5Gao.85NO#Fii4b$r5!5:iC?^ 

[0042] J:n{f . ^eSr 800 

LT . ~4 0 0 n inco^^^:^^!!]^**^^ < , SiSBt 

[0043] ±Xd.Lfz%m.<r>mmi,zii\.^x\i.. MQWi)^ 

T|5lt<A 1, I n,Ga,.,.,N-fb-&!f?5i|i««£fl$-ffl 
v\ #Fe4 bi; LrKSa4 a J: •9>'<>'K=¥A' yr<0 
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[ 0 0 4 4 ] 04 {i . z <D^m<r>^<\:Jf U ^J^lMt-^ 
^«£Sia<om3<^)|lt6<Ojen5^^L, A 1, I n,Ga 
i.,.,N^l:^?S!l4^«sM$rl^MJl. A 1, I nyGa,.,-y 
N-fb^!|a*^f*M?:#F«i: L;t^Sfi^^#F (MQ 

r<7)iigiiiHtB!iffiiaT'AS . 

[0 0 4 5] ff-yrti. ■t^7r-^ra 

WL 1 ±lcM-fl:!^i^^b-^!fe^«ci: LTc^Sif 5 n mOA 
1 N-'N'y7rS2*q^^$nTV^I). C:<?)A 1 N>'<-/7 
rJi2±tClK/I0. 4x<mgJScOnaM'fl:7yy'^A (G 
aN) IKl 1 IKif 0. S/tmSSi^nSA lo.26 I 
no.35Gao.4o<^^^"vH«l 2i:)KJ50. l)umSJg 
OnSA I0.22 I no.35Gao.43Ni03K*''f 1 3 i: 
i^Jf 3 nmcOA 1 0. 20 I nj. 40 G aj. 40 N<^I^Mil 1 4 
at)Kff2. 5 nm«OA 1 0. 02 I no.23Gao.75N#F 
ill 4 b5r3S5:icWiiL7t^*»^#F (MQW) *>ii> 

^•S7evgeai4' ^^jkjio. i;um<7)gjs<opaA 

1 0.22 I no.35Gao.43N03tX/M Kill 5 iKff 
0. 3//mmS<OpSAlo.2Gao.8N<0^'7-yH«l 

6t. Ki¥0. 4 jumS;8<7)pSGaN03>'^':? bJi 

1 7t*^'c:oratca®$ixTm$ixTir^?.. -fUT. 
lirienSGaNflil ItZfettS^t^X y-^yiT^iiTt^ 

2 tC5^-r«iaM O C V D SrfflV r ra« 1 
( 0 0 4 7 1 ±ie L/^-fk-^^itJil^fcv^-CJi . IS^ 

[0048] ±i5t7t^«c^— r^J^-f ^-Htcin 
{f, #F;i<7)^«^^Sii*M^^t^^ci6tc. ?I5S^^A^-^A 

[0049] t&=F^^tmmm>'^y -y hjs># 

[ 0 0 5 0 ] 0 5 {i, ^<7)%B«(OM-fb;!7 U '^AiS-fL-^^ 
^^*^a^7)^4<7)|lifi<?)?B»&^L, Al, I n^Ga 
i-.-yN-fk-^ilSS^^agf^Jl^BS®. I n,Ga,.yN^k-& 

^^^mii^mi:^wmbLfzi^m&'¥-#-F (mqw) ^vg 

[00 5 1 ] ClO^lizSftcU— tf^yrti, -t7r-f 



1 NA-y7rfl2*^«$ilTV^i>. CICOA 1 N.'N'y^ 

aN) M2 1 i:. MJf 0. 3 jtimSje(?5naA 1 o. 25 I 
no.3Gao.,5<0^'9-y K«2 2i:ffiJ10. 1 AtrnmS 
OnSA 1 0.22 I no.3Gao.,8Nc^3t>y'f b'®2 3fc 
Ml|C3nmC0A lo.i I no. i8Gao.72NOl^a«2 4 
ai:)KJf2- 5 nm<?51 no.35Gao.55N#FJl2 4b 
^:<Slca«L^#-M^#F (MQW) *>/?>^S3fe?S 
tt«2 4t.MJI0. l//m<50mjKtfDpSA lo. 22 I n 
o.3Gao.48N<?D3t;«^-f Ha2 5i:, MiSO. 3AtmS 
BieOpmA lo.sGao.vNO^'^ v Ka26fc. 
0. 4ummm<^pMGa.N(r)'=iy:!^:^hm27 tt^Z 

aNJB2 1 lc*J{tS^^?-Xyf-y^$ii;t^ffi±tCnm 
«i2 8*<^fi£$iX. pSGaNJlOay^'^ h«2 7± 

[0052] ±!ea 5 (CS^-r^f*:!^— 'f Jf- HC7) 
=g-fb-&!fi!)4^®«c|l{i0 1 (C^i- L E D ^ >y 7- |SI«lC0 

2 lc^-r«MMO C V D^a$rfflV^-C-9-7 r ^ Tmi 1 

[00531 ±ieUJt«-(b-^^^*iit=:fcV'>T t . 0 

4c7)^|i^{!is^— <f :i--\itmmiz. m^^i I n 

[0054] ±MEttiimf^l^—i'y-{ :t- Hfc in 
[0055] 1S^^**#F«> :7 5 y Vm>m 

[0056]^, ±iiLt:m3]kx/f^4<r>mm<^mmi,z 
b i>^pmximm.miz^\i^m^?:mftn£ . 

[0057] ±feUJtllJtOJB®CtJ<-^Tti. 5&5t:5^-f 

tCtjUffflT'^S. fiaj;c.tf. HEMT (iS«-?^i6JSh9 

, HBT (^t^o^nV *f-5h^:^i'';^:J') 

[0058] 

C^BHiO^j,^] mMmLfziio^z. z<r>mn\.zxti 
\i, A 1 co^?^E{c J: -5 T N c7)M!§l*^'JtPSiJ $ it , CI ittcff 
-5T I nrnmi^mi-thZta^X'^. a l I nGaNSI 

m^<D^u^j:^^B^m^^t^£h<r>x\ mmM^x' 
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!|a4^«sll$-fBtJii:L-CfflV^y;:^y'f5j--H (LE 

D ) y riojg»r®ffl!i®ia-efc . 

KtCffl V >ic>*lSfitSM O C V D^S«O-0IJ«r^-t«^0 

JiSSr#F«A 1. I nyGan.^.,Nit-^^i^mi:m 
{ L E D ) ^ -y r tfOi|gB)fffi{ilffi0-C*$) -& . 

[04 ] z<7MBM(^mit:^'o ^j^mit-^wmp^^s<^ 

f^3<^^ermmi:7ikL. A 1 , I n^G ai-.-yN^t,-^ 
!|*l^«t|S$-REM«. A 1 , I n,Ga,...,N-fb-^!fj!J^ 

mi^mirnwmt Ltzf^m^^^p (mqw) ^-m'im 



H0T'$).5>. 

m3<0llJfe<7)J^fi|$r^L, Al, I n,Gai.,.yN-fk-& 

L^^Kfl^#F (MQW) ^rSttJii: LTffl 
l^^^^i*^— TrT'f jT- Hf- -y r<7)M^Brffiffll®0T^) 
S. 

[06] («*iOI n.Gai-.N-fb-^iliS^JKJr^^^yi 
[«r^OiJlHBl 



1 

2 
3 
4 

4a 
4 b 
4' 
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